A comparative study was made of the heat resistance of spores of putrefactive anaerobe 3679 grown in two different sporulation media and of the recovery pattern of these spores in several subculturing media after treatment with moist and dry heat. The heat resistance of the spores was characterized in the form of D and z values. The D values were determined by the modified Schmidt method. The z values were established by the graphic method. The results revealed significant differences in D and z values, depending on the type of heat and sporulation and subculture media. Spores grown in beef heart infusion showed higher heat resistance than those grown in Trypticase. Among the seven subculture media used, the largest number of spores was recovered in beef infusion. The magnitude of the D values at 121.1 C obtained with spores heated in moist heat decreased, depending on the subculture medium used, in the following order: beef infusion, pea infusion, yeast extract, liver infusion, Eugonbroth, Trypticase, synthetic medium. With spores subjected to dry heat, D values at 148.9 C decreased with the subculture medium in the following order: beef infusion, yeast extract, pea infusion and liver infusion, Trypticase, Eugonbroth, synthetic medium. The z values obtained with spores subjected to dry heat were approximately double those obtained with moist heat. Their relative magnitude varied slightly, depending on the type of subculture medium used. However, the relative magnitudes of the D values and z values with reference to the subculture media used were different with moist heat from those obtained with dry heat. Two theories are discussed as possible explanations for the logarithmic order of death of bacterial spores. The results obtained in these experiments, together with the findings of other workers, are most compatible with the theory that heat treatment of spores results in an increased rate of random injury to the genetic material of the spores.
SPORE RECOVERY AFTER HEAT TREATMENT
and the other with a medium recommended by C. Vinton (personal communication), containing 3% Trypticase (BBL), 0.1% yeast extract (BBL), and 0.1% ammonium sulfate. After maximal sporulation, as determined by microscopic examination of the spore suspension, the beef heart infusion spores were separated from the solid portion of the infusion by passing the mixture through two layers of cheese cloth. The spores were separated from the broth by centrifugation in an International centrifuge at 1,500 rev/min and were washed in distilled water until the supernatant fluid appeared relatively clear. To rid the spores of their vegetative sporangia, the spores were subjected to a treatment in lysozyme and trypsin at 45 C as described by Grecz, Anellis, and Schneider (3), but without the application of sonic oscillation. Finally the spores were subjected to further washings in distilled water and centrifugation until microscopic examination revealed the spore suspension to be free from vegetative cells and debris. The clean spore suspension was stored in 0.066 M phosphate buffer at 4 C. The same cleaning procedure was applied to the spores grown in Trypticase except that the filtration through cheese cloth was omitted.
Subculture media. The following media were used for subculturing the heat-treated spores as well as for enumeration of the initial spore concentration.
Beef infusion. Beef infusion, 1,000 ml; peptone (Difco), 5 .0 g; Tryptone (Difco), 1.6 g; starch (BBL), 1.0 g; K2HPO4, 1.25 g; pH, 7.4.
Pea infusion. Pea infusion, 1,000 ml; Tryptone, 10.0 g; K2HPO4, 1.0 g; pH, 7.4.
Liver infusion. Liver infusion, 1,000 ml; peptone, 10.0 g; K2HP04, 1.0 g; pH, 7.4. Yeast extract. Yeast extract (BBL), 10 .0 g; starch, soluble (BBL), 1.0 g; K2HPO4, 2.0 g; distilled water, 1,000 ml; pH, 7.2.
Trypticase. Trypticase (BBL), 50 .0 g; K2HPO4, 2.0 g; distilled water, 1,000 ml; pH, 7.2. Eugonbroth. Eugonbroth (BBL), 15 .0 g; distilled water, 1,000 ml; pH, 7.2. Synthetic medium. Amino acids (grams per milliliter): L-arginine, 3.00; L-leucine, 1.50; L-aspartic acid, 0.45; L-lysine hydrochloride, 0.85; L-Cysteine, 0.25; DL-methionine, 0.60; glycine, 0.20; DL-phenylalanine, 2.00; L-glutamic acid, 0.50; L-proline, 0.45; L-histidine, 0.20; DL-threonine, 1.00; DL-serine, 0.25; L-tryptophan, 0.10; DL-alanine, 0.42; L-tyrosine, 0.40; DLisoleucine, 0.50; DL-valine, 2.00. Vitamins (milligrams per milliliter): biotin, 0.05; riboflavine, 1.00; folic acid, 0.20; pyridoxal * H20, 0.50; niacin, 4.00; thiamine * H20, 1.00; DL-calcium pantothenate, 1.00; p-aminobenzoic acid (potassium salt), 0.24. Mineral salts: K2HPO4, 1.00 g; NaCl, 2.0 mg; KH2PO4, 1.00 g; FeSO4-2H2O, 2.0 mg; MgSO4-7H20, 40 .00 mg; MnSO4-H20, 2.0 mg. The medium contained 1,000 ml of distilled water, and the pH was 7.2.
Media which were to be used to study the Immediately prior to inoculation, the following additions were aseptically made to each tube: 0.1 ml of a 10% sodium thioglycolate solution, 0.1 ml of a 40% dextrose solution, 0.2 ml of a 4% sodium bicarbonate solution. Dextrose was sterilized by filtration, and the other two compounds were sterilized by heat. Dextrose was not added to Eugonbroth medium. After inoculation with heat-treated spores, the tubes were stratified with a 1:1 mixture of presterilized paraffin-mineral oil.
Media used for the determination of initial spore counts were prepared by adding 15 g of agar per 1,000 ml of the medium. All media were sterilized in amounts of 300 ml in 500-ml Erlenmeyer flasks. Prior to being poured into Prickett tubes containing the spore suspension, 4 ml of a 10% sodium thioglycolate solution and 8 ml of a 4% sodium bicarbonate solution were added to each flask. After solidification of the agar, a small overlayer of the agar medium was added to each tube.
The criteria for growth were colony formation in the case of agar counts, and gas formation or turbidity development, or both, with the broth-type media used for end point determinations.
All inoculated tubes were stored at 37 C. The storage times ranged from 24 to 48 hr for the agar samples, and 2 weeks after no more positive tubes developed, i.e., approximately a total of 6 weeks, for the samples containing the broth media.
Enumeration of initial spore count. Comparative spore counts were made to determine the initial spore concentration with each subculturing medium. Also Table 3 . A sample of a typical thermal resistance curve is shown in Fig. 1 with those reported in the literature for PA 3679: infusion-type media generally yield a higher recovery than formulated media, with the exception of yeast extract which gives a better recovery than the dehydrated media. Frank and Campbell (2) found a higher recovery of spores of PA 3679 with yeast extract-starch-agar than with yeast extract-starch-bicarbonate-agar. Wynne, Schmieding, and Daye (11) reported the opposite to be the case. This disrepancy is believed to stem from the fact that the former authors used the same media for both initial and survivor counts, whereas Frank and Campbell derived their initial counts only from one medium, namely Eugonagar, regardless of the type of medium used to count the survivors. As shown in Table  5 Tables 7 and 8 . An example curve is shown in Fig. 1 .
b E = energy of activation and is determined as shown in Table 2 .
C AS = entropy of activation and is determined as shown in Table 2 . Table 7 show an increase in the D values during storage of the spores. The first D values were obtained within 90 days after sporulation, whereas the last values, which were substantially higher, were obtained between 5 and 9 months after sporulation. This change is contrary to the findings reported in the literature which cite either no change or a decrease in heat resistance upon storage of spores. Table 9 shows the results of an experiment in which the effect of the addition of vitamin B12, ribonucleic acid (RNA), and deoxyribonucleic acid (DNA) to the synthetic medium was studied to find out whether the addition of certain compounds would result in a higher recovery. The results indicate that supplementing this medium with vitamin B12, RNA, all three of these compounds, or a combination of any of two of these compounds resulted in an increased D value. However, experimentation was not extensive enough to allow firm conclusions. Rather, the results indicate an area in which further work might be fruitful.
The spores grown in Trypticase-yeast extract again exhibited considerably lower heat resistance than the beef heart-grown spores (Tables 4 and  8 Tables 10 and 11 and are shown in Fig. 2, 3 , and 4. The results showed very clearly the differences in the numbers of surviving spores with reference to the subculture medium. They suggested that the reaction of the spores in dry heat was different from that in moist heat with reference to the subculture medium. The same dependence held with regard to the sporulation medium.
A closer look at Fig. 3 Fig. 2 . Figure 4 shows that, after moist-heat treatment, the number of survivors recovered in yeast The differences in the reaction of the spores to their subculture surroundings when subjected to dry versus wet heat suggest that each type of heating medium produces its own stress conditions. These conditions are different for wet and dry heat and, thus, induce different changes in the spores regarding their requirements for germination and outgrowth. It is quite conceivable that such changes include changes in the nutritional requirements of the spores. If this were the case, the addition of one component to a subculture medium in which the heated spores recover poorly would increase the degree of recovery and, thus, the D value if the spores were subjected to one type of heating medium, such as moist heat; however, the addition of this component would fail to improve the degree of recovery of the spores which were subjected to a different type of heating medium, such as dry heat, or vice versa. The small differences in the initial spore counts obtained with various subculture media as compared with the much larger differences in survivor counts found with the same media after exposure to heat are in agreement with the findings of Curran and Evans (lb). However, the conclusion drawn by these authors that spores become more exacting in their nutritional requirements after heat treatment cannot be confirmed on the basis of the results obtained, because the factors contributing to these differences in recovery are not known. in the form of either direct inhibitors or improper ratios of some of the components of the media, such as amino acids or vitamins. For this reason, it can be concluded only that heat treatment of PA 3679 spores results in their increased sensitivity to their nutritional environment. Whatever the precise nature may be of these factors which contribute toward the differences in recovery of the surviving heat-treated spores, the requirements of the heated spores for germination and outgrowth vary at least to some degree depending 
